Before highly active antiretroviral therapy (HAART) became available, cytomegalovirus (CMV) retinitis (CMVR) occurred mainly in human immunodeficiency virus (HIV)-infected patients with ,50 CD4 þ T cells/mL and was characterized by necrotizing retinitis with minimal intraocular inflammation. HAART reduces the incidence of CMVR and restores CMV-specific immune responses in some patients [1, 2] . Consequently, anti-CMV therapy can often be withdrawn without clinical relapse in patients with a good virological response to HAART and CD4 þ T cell counts . 50 cells/mL [1, 2] . However, we and others have reported CMV-associated retinitis in HIV-infected patients responding to HAART [3] [4] [5] . Other intraocular inflammatory diseases in patients receiving HAART include uveitis, cystic macular edema, vitritis, and papillitis [6, 7] . Each condition is characterized by vitreous inflammation in the eyes of persons with previous CMV retinitis and increasing CD4 þ T cell counts. Therefore, these conditions may be immune restoration diseases (IRDs), a term that encompasses inflammatory diseases or atypical presentations of opportunistic infections in the context of immune reconstitution during HAART [3] .
We have reported that patients who experienced human herpesvirus-associated IRDs (including patients with CMVR IRD) have increased plasma levels of bioavailable interleukin-6 both prior to HAART and for up to 4 years during therapy [8] . Furthermore, in a cross-sectional study from our laboratory, HIV-infected patients who experienced CMVR IRD after starting HAART had higher serum levels of soluble (s) CD30 than did patients with similar nadir CD4 þ T cell counts and no history of IRD [9] . CD30 is a member of the tumor necrosis factor receptor (TNFR) superfamily and is expressed on T cells producing predominantly Th2 cytokines [10] . We also demonstrated no difference in sCD26 (dipeptidyl peptidase IV [DPP IV]) enzyme activity between patients with CMVR IRD and those without an IRD [9] . sCD26 (DPP IV) enzyme activity may mark a Th1 cytokine environment [11] or generalized T cell activation [9] . Therefore, these findings suggested that CMVR IRD after initiation of HAART may be a consequence of an immunopathological response against CMV that is characterized by a predominantly Th2 cytokine environment.
Here we describe a longitudinal study of plasma levels of CMV-specific IgG, sCD30, sCD26 (DPP IV) enzyme activity, and TNFR-I in samples collected before and during 6-, 12-, 24-, and 48-month periods after start of HAART from CMV-seropositive, HIV-infected patients who experienced or did not experience CMVR IRD.
Patients and Methods
Patients. A retrospective study of 179 HIV-infected patients starting HAART at Royal Perth Hospital (Perth, Australia) or associated private clinics identified 6 patients who experienced a "relapse" of CMVR after therapy had begun (hereafter, "CMVR IRD patients") [3] . One patient was excluded from this study because no pre-HAART plasma samples were available. Each patient experienced at least a 3-fold increase in CD4 þ T cell counts and a 1 log 10 decrease in HIV load during the first 6 months of HAART. CMVR was identified by routine ophthalmological examination (by M.-L.T.-K.) in the first 6 months of HAART. The median time from start of HAART to presentation with CMVR was 1.1 months (range, 0.4-5.9 months). All patients had experienced CMVR prior to starting HAART and had baseline CD4 þ T cell counts , 50 cells/mL. Two of the 5 patients with CMVR IRD also experienced presumptive herpes simplex virus-associated encephalitis or myelitis during their first 6 months of HAART.
Five age-, sex-, and race-matched HIV-infected patients with no evidence of CMVR, as determined by routine ophthalmological examination (by M.-L.T.-K.) in the first 6 months of HAART, were selected retrospectively from the HIV database of the Department of Clinical Immunology and Biochemical Genetics, Royal Perth Hospital, as control subjects (hereafter referred to as "non-IRD patients"). All non-IRD patients were CMV seropositive, started HAART having a CD4 þ T cell count , 50 cells/mL, and experienced the same level of immune reconstitution as the CMVR IRD patients. Two non-IRD patients had CMVR before they started HAART, 1 had CMV colitis, and 2 had no previous history of CMV disease. One non-IRD patient did not have an ophthalmological examination during the first 6 months of HAART, but this patient did not have a history of CMVR prior to beginning the therapy and has not presented with decreased visual acuity since starting HAART. All 7 patients with CMVR prior to HAART were receiving intravenous or intravitreal ganciclovir or foscarnet as secondary prophylaxis both before and after starting HAART. All patients who experienced CMVR IRD were receiving anti-CMV therapy at the time of the IRD. All patients ceased prophylactic anti-CMV therapy when their CD4 þ T cell count became . 100 cells/mL and their HIV load , 400 copies/mL. One CMVR IRD patient also experienced presumptive immune recovery vitritis after 24 months of HAART, which resulted in retinal detachment. No other CMVR IRD patient or non-IRD patient has presented with CMVR since starting HAART.
All CMVR IRD patients received HAART regimens that included lamivudine, stavudine, and indinavir. One patient was also taking didanosine. Three non-IRD patients also started HAART with lamivudine, stavudine, and indinavir. One patient received zidovudine rather than stavudine, and another received saquinavir and ritonovir in place of indinavir. No drug was significantly associated with CMVR IRD.
All clinical data from the database were confirmed by review of medical records. Plasma samples had been collected from all patients before the start of HAART and at 6-, 12-, 24-, and 48-month intervals while undergoing HAART and were stored at 220 C until assayed. Quantitation of CMV-specific IgG. Half-volume 96-well plates were coated overnight at 4 C with a predetermined optimal concentration of whole CMV sonicate (CMV strain AD169 grown in human fibroblasts; Department of Microbiology, Royal Perth Hospital). Plates were blocked with 10% fetal calf serum (FCS)/PBS for 2 h. Samples and standards were diluted in 10% FCS/PBS and incubated for 2 h. Pooled serum from HIV-seropositive, CMV-seropositive individuals was used as a standard and assigned an arbitrary value of 1000 units/mL of CMV-specific IgG. Anti-human IgG peroxidase conjugate (BioSource International) was added for 2 h at room temperature before addition of 3,3 0 ,5,5 0 tetramethylbenzidine (TMB) substrate. The reaction was stopped with 2 M H 2 SO 4 , and the absorbance was read at 450 nm. The limit of detection and coefficient of variance were 10 units/mL and 15%, respectively.
Quantitation of sCD30. sCD30 levels were assayed by ELISA (Bender MedSystems) [9] . The limit of detection and coefficient of variance were 6.25 units/mL and 13%, respectively.
Quantitation of sCD26 (DPP IV) enzyme activity. sCD26 (DPP IV) enzyme activity was measured by an enzyme capture assay [9] . The limit of detection and coefficient of variance were 6.25 units/mL and 10%, respectively.
Quantitation of TNFR-I. Half-volume (50 mL) 96-well plates were coated overnight at 4 C with anti-TNFR-I antibody (R&D Systems). Plates were blocked with 5% bovine serum albumin (BSA)/ PBS for 2 h. Samples and standards were then added for 2 h at room temperature. Biotinylated anti-TNFR-I detection antibody (R&D Systems) was added for 1 h followed by a streptavidin-peroxidase conjugate for 2 h and TMB substrate for 15 min. The limit of detection and coefficient of variance were 0.05 ng/mL and 15%, respectively. CD4 þ and CD8 þ T cell counts and plasma HIV RNA levels. T lymphocyte subset counts were determined by standard flow cytometry. Plasma HIV RNA levels were assayed by Amplicor version 1.0 (standard protocol, 400-750,000 copies/mL) or version 1.5 (ultrasensitive protocol, 50-75,000 copies/mL) (Roche).
Statistical analysis. Statistical significance was assessed by the nonparametric Wilcoxon rank sum test. For all tests, P , :05 was considered to represent a significant difference, and :05 , P , :1 was considered to represent a marginally significant difference.
Results
To analyze changes in levels of CMV-specific IgG, sCD30, sCD26 (DPP IV) enzyme activity, and TNFR-I and CD4 þ and CD8
þ T cell counts, we averaged individual patient results obtained during each 6-or 12-month interval after start of treatment (1-3 values/interval). The average values varied by , 20%. For each patient group, the median and range of the average values are given in table 1. Individual results for levels of CMV-specific IgG and sCD30 and CD4 þ and CD8 þ T cell counts are shown in figure 1 .
Patients who experienced CMVR IRD had increased plasma levels of CMV-specific IgG and sCD30 but not sCD26 (DPP IV) enzyme activity or TNFR-I. Plasma levels of CMV-specific IgG were generally higher in CMVR IRD patients than in non-IRD patients, but these differences did not reach significance (table 1  and figure 1A) . CMVR IRD patients experienced a rise in levels of CMV-specific IgG after starting HAART, with levels significantly higher than baseline after 6-12, 12-24, and 24-48 months (P ¼ :032, .008, and .008, respectively). In contrast, non-IRD patients experienced only a marginal increase in levels of CMVspecific IgG above baseline after 12-24 months of HAART (P ¼ :095).
CMVR IRD patients had significantly higher plasma levels of sCD30 than did non-IRD patients before HAART (P ¼ :008) and after 0-6 and 6-12 months of HAART (both P ¼ :016), with levels remaining high after 48 months (table 1 and figure 1B) . Plasma levels of sCD30 were marginally higher than baseline in CMVR IRD patients after 24-48 months of HAART (P ¼ :09).
Plasma levels of sCD26 (DPP IV) enzyme activity did not differ significantly between the groups during any time interval (table 1) . TNFR-I levels were marginally elevated in CMVR IRD patients after 12-24 months of HAART only (P ¼ :09).
CMVR IRD patients experienced a significant increase in CD4 þ but not CD8 þ T cell counts during the first 6 months of HAART. Before HAART, both groups had similar CD4 þ and CD8 þ T cell counts (table 1 and figure 1C and 1D ). CD4 þ T cell counts from CMVR IRD patients were significantly higher than baseline after 6-12, 12-24, and 24-48 months of HAART (P ¼ :016 for each time period). In contrast, CMVR IRD patients did not experience a significant increase in CD8 þ T cell counts above baseline levels over any time interval. Non-IRD patients had significant elevation in CD4 þ and CD8 þ T cell counts after 6-12, 12-24, and 24-48 months of HAART (P ¼ :008 for each time period).
Discussion
This study showed that immunodeficient HIV-infected patients who experienced CMVR IRD during HAART have evidence of restored CMV-specific IgG antibody responses and predominantly Th2 cytokine environments, marked by elevated sCD30 levels.
The ability of HAART to restore CMV-specific immune responses varies both between patients and within individual patients over time. Detection of positive CMV-specific lymphoproliferation and cytokine production has been associated with higher CD4 þ counts and absence of CMV disease. However, 60% of such patients had negative CMV responses at > 1 time point [12] . A single patient with multiple recurrences of CMVR reactivation, despite HAART and apparent immune reconstitution (as evidenced by CD4 þ T cell counts . 200 cells/ mL), showed negative lymphoproliferation responses to CMV despite positive responses to Candida and pokeweed mitogen [13] . However, in vitro assays, such as lymphoproliferation assays, may underestimate the ability of HIV-infected patients to mount CMV-specific immune responses [14] . For this reason, we assessed longitudinal plasma levels of CMV-specific IgG.
All 5 CMVR IRD patients in this study experienced a significant elevation in levels of CMV-specific IgG during their first 12 months of HAART, which is parallel to a significant increase in CD4 þ T cell counts. This demonstrates HAART-induced restoration of a CMV-specific immune response in these patients.
Before HAART was introduced, CMVR was restricted to latestage HIV disease (AIDS), when patients have a predominantly Th2 cytokine profile. In our study, patients who experienced CMVR IRD had significantly higher plasma levels of sCD30 both before and for their first 12 months of HAART, compared with non-IRD patients. sCD30 levels remained elevated after 48 months of HAART, and these observed levels in our CMVR IRD patients may result from an inability to reverse the HIV-induced immune damage that results in the predominance of Th2 cytokine responses.
In our study, patients with a history of CMVR IRD had delayed recovery of their CD8 þ T cell counts, compared with non-IRD patients (table 1 and figure 1D ). Studies of mice and humans have shown that CD8 þ lymphocyte responses are protective against CMV disease. Progressive loss of the CD3 þ CD8 þ cell subset may increase risk of CMVR in untreated HIV-infected patients [15] . If lower numbers of peripheral CD8 þ T cells reflect lower numbers in the local inflammatory infiltrate, CD8 þ T cells may play an important regulatory or suppressive role in preventing the development of CMVR IRD. However, a role for CD8 þ T cells in the pathogenesis of CMVR IRD requires investigation in larger patient cohorts.
IRDs are an increasingly important problem in the post-HAART era of the HIV-infection pandemic. Determining patients at risk of IRD before starting HAART should now be a priority. This study provides evidence that CMVR IRD correlates with restoration of a CMV-specific immune response and identifies sCD30 as a potential clinical marker for patients at risk of developing CMVR IRD.
